electrocoagulation and freezing have also been reported to decrease the size of neuromas formed after injury. 2, 4, 5 Recently, laser methods have proved effective in preventing neuroma formation. 15 Others, like the epineural flap technique and epineural grafting to cap the proximal nerve stump, are rarer, but remain in clinical use. 24 Particular attention is paid to the neurotrophic factors, for the regulation of nerve fiber regrowth. 9 For example, Kryger, et al., 11 showed that local blocking of nerve growth factor by the application of TrkA-immunoglobulin G antibodies to the nerve transection site prevents both posttraumatic neuroma formation as well as neuropathic pain development in animals.
The purpose of this study was to prevent traumatic neuroma formation by cutting the ends of nerves in an oblique fashion.
Materials and Methods
Our experiment was performed in 20 male Wistar C rats (body mass 270 g) in accordance with the Polish Animal Protection Laws and the respective European Union directives. All procedures were approved by the Ethics Committee for Laboratory Animal Experiments of Silesian Universities and were undertaken by scientists licensed to perform animal surgery studies. Throughout the entire study, the rats were housed in individual cages, at a room temperature of 21˚C, in stable air humidity, and with a 12-hour light/dark cycle. Animals had free access to standard laboratory rodent food and tap water. All operations were performed between 9:00 and 11:00 a.m. with the animal in a state of anesthesia induced by intraperitoneal chloral hydrate (420 mg/kg body weight; Fluka, Buchs, Switzerland). The postoperative time was arbitrarily assessed at 20 weeks. The examination of pain requires a long observation period, and in an animal model, 20 weeks is sufficient time to obtain reliable results while limiting any excessive mutilation of the animals.
Rats were randomly assigned to one of two equal groups (10 rats per group), depending on the nerve transection angle: 1) obliquely (30˚ angle) transected nerve group (OT group); and 2) perpendicularly (90˚ angle) transected nerve group (PT group).
Surgical Procedures
Anesthetized animals were fixed in the prone position. Surgery was performed with the aid of a stereoscopic microscope (SMZ-10; Nikon, Tokyo, Japan) at a magnification of 4. The right sciatic nerve was exposed by blunt muscle preparation and a few drops of fibrin glue (Tissucol; Baxter, Vienna, Austria) were added to its surface via a Hamilton microsyringe. After polymerization of the glue (~ 3 minutes), the nerve was totally transected using sharp microscissors (Chifa, Nowy Tomysl, Poland) at the hip joint level (Fig. 1) . We used microscissors, not a scalpel, because the former enabled us to cut the nerve at the outlined angle. Depending on the animal group, the sciatic nerve was transected at an angle of 30˚ (OT group) using the oblique microscissors or at an angle 90˚ (PT group) using the regular microscissors, and an approximately 10-mm-long peripheral nerve segment was removed. A proximal stump was then placed in the anatomical position of the sciatic nerve. Fibrin glue was also used to rejoin the nerve stump with the muscle bed. Muscles as well as skin were closed in layers.
Twenty weeks after surgery, the nerves were reexposed and carefully collected (5-mm-long fragment of the nerve proximal to the area of transection) together with surrounding muscle tissue. A broad collecting margin was used to ensure that the whole neuroma was harvested, as regrowing nerve tends to develop in the vicinity. The collected tissues were then processed, as described later.
Histopathological Assessment
The collected material was treated in a routine manner in a tissue processor (Leica), embedded in paraffin, and cut with a rotation microtome. Three-m-thick slices (five transverse as well as five longitudinal) were stained in a standard way with H & E. To differentiate connective tissue, among muscular and nerve tissues, van Gieson and Masson trichrome staining were used (Fig. 2) . Heidenhain staining was performed to visualize the myelin sheath. Immunohistochemical labeling of connective tissue (vimentin), Schwann cells (S100 protein), and perineurium cells (epithelial membrane antigen) was also conducted.
Histopathological examination of the changes in particular tissues was performed independently by two board-certified histopathologists, according to specified criteria (Tables 1-3 ). To describe precisely the changes taking place in particular parts of collected material, three examination areas were selected: 1) nervous part (regenerating nerve and/or neuroma); 2) borderline (between axons growing into muscle and the muscle); and 3) muscular part (the muscle itself).
Neuroma sizes were assessed on the basis of their scanned photographs. All measurements were made using the Image-Pro Plus program (Media Cybernetics, Silver Spring, MD) by manually delineating the areas covered by irregular nerve tissue per cubic millimeter.
Results were subjected to one-way analysis of variance followed by the Tukey-Kramer multiple comparison test.
Assessment of Neuropathic Pain
Autotomy scores were assessed as described previously, beginning from the first postoperative day until the end of the 20th week. The extent of autotomy was determined using the modified scale devised by Wall, et al. 21 One point was assigned to an injury of two and more claws; one point was added when the distal half of each toe was injured; and one point was added for each proximal half of the lesioned toe. Finally, one point was assigned for autotomy of the metatarsus or tarsal area (one point for each). The maximal score for this scale was 13 points. The mean value in each group represented an autotomy index for this group.
Results
Histopathological analysis of all of the controls-the PT group-showed neuroma formation. In all obliquely cut nerve stumps, nerve regeneration with the formation of a neuroma was also observed. Note, however, that the size of the neuromas in the OT group was significantly smaller than that in the PT group (1.7 compared with 3.1 mm 3 , respectively, p Ͻ 0.05).
In the PT group axonal degeneration and demyelination in the proximal stump of the operated nerve were significantly more distinct than in the OT group. More degenerating fibers were also seen at the anastomosis site and in the muscular part of the transected nerve in the animals in the PT than in the OT group. There were more proliferating Schwann cells at the borderline in the OT group animals than in the PT group animals, and this difference was significant. In PT group rats connective tissue grew more profusely-both at the surgical site and in the muscular part of the nerve-than in OT group rats. Inflammatory cells were more numerous in the muscular part of the nerve in PT than in OT group animals. Detailed results of the histopathological analysis are presented in Tables 1, 2 , and 3. In the group treated with oblique nerve stump transection, autotomy occurred in 70% of the animals. On the other hand, in the group treated with perpendicular transection, autotomy was observed in 100% of the animals. This difference was not significant, however. In the OT group, the autotomy index was significantly lower than that in the PT group (1.9 Ϯ 0.9 compared with 3.9 Ϯ 1.7, respectively, p Ͻ 0.05).
Discussion
Our data proved that the oblique transection of proximal nerve stumps, compared with the classic perpendicular method, has no marked impact on the incidence of neuromas, although it significantly reduces neuroma size. Oblique transection also changed the morphological characteristics of regenerating structures, especially nerve fibers with a markedly lower tendency to degeneration and demyelination. This phenomenon could be the result of less developed connective tissue causing less pressure on the regenerating nerve fibers. Less connective tissue also enables more Schwann cells to enter the vicinity of growing nerve fibers. Furthermore, it is very important that the inflammatory reaction, especially in surrounding muscles, was significantly reduced.
Given that inflammatory cells are known to produce various trophic factors, it is likely that a reduction in inflammation could strongly influence neuroma formation. Moreover, reduced inflammation could be partly responsible for the less severe autotomy in the OT group. The intensity of
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Oblique transection in peripheral nerve neuropathic pain in the animals treated with the new oblique method was significantly diminished and corresponded with a smaller neuroma.
In the available literature we found that the occurrence of neuropathic pain as a result of posttraumatic neuromas ranges from 20 to 30%. 26 A neuroma can develop not only through accidental trauma but also as a result of medical diagnostic intervention, such as a nerve biopsy. 2 Unfortunately, neuromas are in most cases particularly resistant to pharmacological treatment, that is, the classic analgesic agents, anticonvulsant agents stabilizing cell membranes, and antidepressive agents. 26 It seems that the only method to treat an existing neuroma is surgical removal, but such an intervention can often lead to the formation of secondary neuroma. 10, 26 Hence, the proper therapeutic course should be aimed at preventing their occurrence, so achieving a simple and cheap technique would be especially valuable. Currently applied methods of preventing neuromas can be divided into two main groups. The first group, which includes most methods, leads to a restriction in the outgrowth of injured nerve fibers. Newer methods facilitate the self-limiting, arranged regrowth of nerve fibers. Our method is based on this principle and essentially consists of an increase in the nerve stump section area, which enables freer outgrowth of nerve fibers characterized by faster growing into the adjacent muscle bed and a decrease in the pressure caused by the growing fibrous tissue. At the same time, in such section areas, there is a significantly greater number of Schwann cells, which promote arranged axonal regrowth. Growing axons can be supported by a scaffold made of longer nerve fibers located below, which also enables a more parallel arrangement.
From a practical point of view, the oblique resection method has a number of advantages. First of all, it is easy to use; the only problem is the precise cutting of nerve stumps at the required angle. Nerve tissue is flexible and yields under the scalpel blade, and so most surgeons, prior to actual debridement of the nerve, stabilize the tissue (for instance, by freezing it). 26 In our experiment, the nerve was stabilized using commercially available fibrin glue, as described by Menovsky and Bartels.
14 This technique seems to be significantly less time-consuming and is generally available. Note that Kayikcioglu, et al., 8 in their innovative technique of oblique nerve coaptation/anastomosis, which was an inspiration for our studies, used a special tool kit to cut nerve stumps precisely at the required angle of 30˚. In our study, we decided to use the same cutting angle. In using the fibrin glue we were able to cut nerves at the precise angle by using a pair of specially designed oblique microscissors. Another advantage of our technique is the possibility of combining it with several other methods aimed at preventing neuroma formation. It can be combined with the technique of nerve stump implantation into the muscle, on the surface of a blood vessel, or on another nerve running in the vicinity of a damaged one, as in so-called centro-central or end-to-side anastomosis, which has been very fashionable recently.
7,23,26

Conclusion
We found that the oblique-as opposed to perpendicular-transection of peripheral nerves is rarely followed by classic neuroma development. Moreover, neuropathic pain is also significantly reduced compared with that occurring after the traditional method of the nerve transection. 
